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Verify design and analysis with testing in air 
at MSFC 
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Optimization methodology development 
Optimization application 


Background - Baseline Turbine Description 
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Background - Detailed Design Approach 
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Background - 3D Design Process 
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Aerodynamic Design Results - Final 
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• Provide CFD analysis validation 

Demonstrate extended capabilities of Turbine Airflow Facility 

• Addition of ejector for high pressure ratios 


TPO turbine test article was 



® 2 
CO 0 

3 IS 

5 § 

C — ^ 
— CO ~ 

■o 8 ‘o 

g 

O) O £ 

■“ K Xj 
0) 

O o 
"D 


w# ^ 

C cE 

+= CO 
.<2 CO 
X c +rf 

CD C (0 
_C O O 

0 ° 

3 0 0 

E I = 

(/)(/) "O 
CO CO 0) 

CD O 
CO Q.O 

3 <0 ~ 

sS 

0 

"S 5 o 

c 5 C 

cps 

(0 5s l. 

1 r 2 


0) 

0 t 5 

T} CO O 
Q. CD 

1 g 8 

E | 

0 X CO 
.5= (D -C 

O- ^ 05 

£ co b) 


^ o .S- 
>0 « 
a> w 

i |i 

_P CO 

tr — 0 

O CD 
1? 1 


O) 

‘5 

CD 

* " 
c/) CO 
CO 0 
0) O 

D) 2 

.E Q. 

5 o) 
co c 


IS 


+3 C 
CO CO 

£ E 


if) 

o 

o 

§>■£ 

8 « 
-O 0 

8 I 

% § 
;l 

O *- 
£s 0 

0 ^ 
~ 0 
if) 75 

0 >> 
O O 


c 

0 

E 

0 

Q_ 

- LL 

S i 

O ^ 

.0 ro 
P 0 


£ 2 
LL Q_ 


3D Solid Model of TPO Turbine 





Mechanical Design - Approach and Implementation 
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Mechanical Design - Approach and Implementation 


c 

CO 

.N 


O 


8 

c 


£ 


CD 

.C 

1 


c 

<C 



o 

0) 


E 

o 


-O § 

£ o 


3* 
E S 


o 

o 


0 

E 

( 1 ) 43 

c 

■O o 


0 ) g 

o — 


tr -o 

CO c 


05 


05 


0) 


0 


0 


E 

E 


g o 


o> -g 

.E |2 -o 

3 - 

(/) 


<■> O o 5 


* 5^0 


~ o 


0 

E 

E 

"O 


o 

0 


Q 

CO 


o ^ 

^ Q- 


0 

O 


-C 

Q_ 

0 


O) 

C 

=) 


O) 

c 


"O 

0 

■g 

> 

o 


0 

O) 


o 


> E ^ 


3 

0 

0 


3 

_Q 


O 

c 

0 

0 

0 


^ c 

t s 


0 

0 


S g 


< 

0) 


LU 0 
i O 


_Q 

.0 


CO 

LU 

O' 


0 

0 


0 


O) 


0 

E 

o 

i — 

Q. 

0 

i _ 

0 

0 


0 

0 


0 

-C 


o 


T3 

C 

0 


o 

- t — > 

o 


0 

>* 


0 

O) 

2 -g 
« s 


0 -D 
~ O 

£ ° 
T 3 O) 

i-S 

? > 
c o 

2 fc. 


0 o 


0 


0 


0 

0 

0 

£ 


0 


~0 — 
c o 

0 tl 
> 0 


c 

0 


w r 0 


0 

0 

T3 

O 

E 


E 

o 


c. 3 


O 

.0 


13 

C 

0 


0 

0 

0 

O 

O 

3 

0 

O 


0 

3 

■u 


>* 

-C 


c 

o 

E 


0 

C 

o 


o 
o 
E 
0 0 


_Q 


05 3 
E "O 
O © 

-5 

>* 0 


T3 

0 

O 

3 

TJ 


° 0 0 


i i 

0 


0 


«- O 
O) ^ £ 

i 0 


c -g 
0 - 


ii 


0 

— £ 


0 

i _ 

0 
-t— * 
0 


0 

-e 

0 

Q. 


~ O 


0 

■o 

0 

E 


0 

-Q 


C 

0 

o 

0 

O) 

c 


0 


0 

I- 
0 0 
_ c 

o *»- 
'■+-< -O 
0 o 


o > 

Q _ 

T3 0 


0 


0 


O 


O 
-O 0 

II 


J! is 

t : ’«— * 


^ 0 
< -O 


CO 


V 


c 

o 


(0 


c 

<D 

E 

3 


(/> 

C 




\ 05 O 
O T- 
m in 


V) 

Q> 

C 

iS 

Q. 


0) 

■O 


S'" 


c 

o 


CO 

o ^ 

CO 


& 

c 

Q> 

I 

(0 

c 


a? m 

C r- 

ro 

Q. 


Q 

=°t 

J1 


•0 ^ 

L" - 1 
\ > 
— '* _ 

t w 

[ 

— 


— T- 

. — 


CJ 


pif 

iTfCI 


c 

05 

c& 


5 


V) 

& 


£ 

o 

u. 


OL^ 
” CM 


10 


CO 1 


^ CO 

n* 
o ^ 

CO LO 

© T- 

c 

ro 

a. 



|x 

1 




Sf 


r 


__ 

~~ — • 

0 

C 

TO 

[ 

_ 

- ^ 


> 




"* • 
~ -« 
— -* 

0 

Jp 

u 

n 




i 

c n 
</> 
0) 


CL 

0) 

c 

2 


ho 


O' 


05 

.C 

1 



</> 

>» > 


co 

~o 

CO 


CO 


c 

o 


to 


2> «u 

= S' 

o 


CO 

0 CO 


CO 


c 

0 


CO 


<0 

0 


</> 


_Q) 

O 

■ MM 
(0 


a> 


3 

+-• 

2 

0 


o 

> 

o 


g- co 

0 E 


0 


(0 

<D 


0) 

C 


o 

(0 


f— 1 
0 ® 


co -£ 


-Q T3 
0 


3 W=* 


o 

CL 


0 

E 

3 


0 

0 


0 

O 

c 

0 

E 


2 * 

3 § 

co u 
0 0 

kg 


5 ® 

co co 

&.S 

E % 

0 O 
— Q- 
5 15« 
-2 =5 

■g 2 L 

0 .E 0 


o 

E 

0 

0 


a 

E 

3 

O 


CO 

c 


c 

0 

Q. 

0 


O ^ 


0 


0 

Cl 

3 


£Z 

O 


£ 

o 


0 


0 

Q. 

0 


O 

CO 

-t— < 
0 

Q 

O 

TJ 

C 

0 

Q 


o ^ 


£ 

g s 

O vO 
0 s 
O 


— (0 


8 

O 


0 

C 

o 


.2 0 


x ® 

0 

to CO 


_ 0 
0 

'S| 

«s 


0 
O 0 


c 

o 


0 Q 


0 


0 


0 ts 


o 

t: 

0 

0. 


is to 

o o 


« O) C 
« .£ 2 

S I 

2 i 

~ o 

X ,i= 
0 O 


® 5 


0 


0 

S_ 

Q. 

0 

■*-> 

O 


3 

(/) 

0 

0 


0 

0 


Q. 

O 

0 


X 
0 0 


c 

o 


.9 co 


> 

CD 

LLJ ttJ 
“T O 
P O 


0 U 
0 O 
«- 3 
3 (/) 
0 ^ 
0 35 
0 £ 

Q. ® 
0 

8 3 

§ 8 

0 


0 


0 

-f— < 

co 


0 c 
0 .9 
g> o 

3 3 
0 0 

S 3 ? <§ 

o. ra 8- 

0 S^sO 
C ^ o- 

0 0 ° 
> 0 05 

o Po 

c Q_ C 
CM Eb 0 


0 

0 

0 

O) 

C 


8 

O 


0 


0 


0 


D) 

.E O 


0 

a) 

O) 

c 

0 


0,1 


3 

0 — 
0 T3 

E §. 

S3 & 1 
5 | 2 

O P 


Q- 8 


X 

LU 


</) 

£ 


3 O 


















Instrumentation - Fluctuating Pressures 
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Meanline and CFD Prediction Comparisons 















Successfully completed aerodynamic design and analysis phases 
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Meanline-predicted efficiencies consistently higher than CFD predictions 

Unique supersonic turbine dataset will be used for design verification, code 
validation, and to provide insight into the flow phenomena of supersonic 
turbines 


